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Abstract 124 – Table 1. Adjusted Hazard Ratios (HR) of Knee Outcomes, by Biomarker, Stratiﬁed by Chronic Knee Symptoms
Biomarker Knee Outcome Chronic Knee Symptoms No Chronic Knee Symptoms P-value of interaction between
between ln(biomarker) and knee symptoms# Knees # Knees Adjusted HR 95% CI # Knees # Knees Adjusted HR 95% CI
at Risk with Outcome at Risk with Outcome
ln(COMP) KL Score 166 46 1.49 0.80-2.78 374 64 1.43 0.80-2.54 0.83
OST 97 33 4.19 1.85-9.48 250 61 1.83 1.02-3.30 0.11
JSN 129 35 2.47 1.08-5.65 308 64 1.98 1.07-3.66 0.46
ln(HA) KL Score 166 46 1.30 0.91-1.87 374 64 1.02 0.77-1.35 0.81
OST 97 33 1.13 0.67-1.89 250 61 0.86 0.63-1.17 0.29
JSN 129 35 2.12 1.37-3.28 308 64 1.47 1.08-2.00 0.22
ln(hsCRP) KL Score 166 46 0.98 0.76-1.27 374 64 1.00 0.80-1.24 0.67
OST 97 33 1.03 0.75-1.41 250 61 0.88 0.71-1.10 0.23
JSN 129 35 1.08 0.78-1.49 308 64 1.10 0.90-1.36 0.13
ln(KS) KL Score 166 46 1.79 0.74-4.32 374 64 0.91 0.43-1.95 0.12
OST 97 33 3.85 1.25-11.87 250 61 1.19 0.52-2.71 0.42
JSN 129 35 2.78 0.98-7.90 308 64 0.86 0.41-1.83 0.24
OST and JSN outcomes among knees with chronic symptoms at baseline
compared to knees without symptoms.
Conclusions: Higher baseline lnCOMP and lnHA levels were associated
with incident knee OA, OST, and JSN over an average follow-up period of
6.3 years. These results did not vary by history of lower extremity injury,
but this interpretation is incomplete due to power limitations and the po-
tential misclassiﬁcation that comes with self-report and long duration since
reported injury. The presence of chronic knee symptoms, in combination
with higher levels of serum COMP, HA, or KS, may provide clues to the
early detection of OA.
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HYPOCHLOROUS ACID IN OSTEOARTHRITIC CARTILAGE AND SYNOVIAL
FLUID - AN EX-VIVO HRMAS STUDY
K. Shet, J. Kurhanewicz, M. Ries, X. Li
Univ. of California, San Franscisco, San Francisco, CA
Purpose: Proteoglycan degradation and alteration in the cartilage has been
considered an important marker for detecting and measuring the progress
of OA. Hypoxic conditions, reactive oxygen species (ROS) and an elevation
in the activities of proteolytic enzymes (aggrecanases) are considered
as potential factors that cause this degradation. Recent evidence shows
that myeloperoxidase mRNA increased in OA. Myeloperoxidase catalyses
the formation of hypochlorous acid (HOCl). HOCL is a ROS and causes
a breakdown of the glycosidic linkage in the cartilage polymers namely
N-acetyl-glucosamine, thereby making the N-Ac groups more mobile and
this results in an enhancement of the N-Ac resonance in OA cartilage.
Acetate is a ﬁnal by-product of the degradation of N-Acetyl side chains in
the polysaccharides of cartilage brought about by HOCl. With increasing
HOCl activity in OA there is an increase in the acetate resonance. The aim of
this study was to analyse cartilage and synovial ﬂuid samples from severe
OA patients using high resolution magic angle spinning NMR spectroscopy
at 11.7 T to detect the presence of hypochlorous activity in OA.
Methods: Six OA cartilage samples and synovial ﬂuid specimens were
harvested from 6 patients who underwent Total Knee Arthroplasty (TKA)
surgeries; Cartilage samples were acquired using 3.5 mm biopsy punches
from the lateral inferior femoral condyle. The samples were ﬂash frozen at
-80°C for storage. The samples were scanned in a 500MHz Varian INOVA
spectrometer in a 30μL zirconium rotor which was spun at a rate of 2.25
kHz. The reference used was 0.75 mass % 3-(trimethylsilyl) propionic-2, 2,
3, 3-d4 acid (TSP in D2O). The 1-D HR-MAS NMR spectra were acquired at a
temperature of 1°C. 1-D Carr-Purcell-Meiboom-Gill (CPMG) sequence that
was rotor synchronized (i.e., τ delay = n x (spin rate)-1, where n is an even
number) with an echo-time of 44 ms for cartilage and 60 ms for synovial
ﬂuid was acquired for each sample. A spectral bandwidth of 20 kHz was
used in the above experiment. The CPMG acquisition was preceded by a
2-sec water pre-saturation pulse to minimize the water signal at 5 ppm
and to ensure a ﬂat baseline. The NMR spectra were processed using the
ACD Labs 1D NMR processor (ver. 8.0). The 1D FID’s were apodized with
an exponential function, Fourier transformed, phase-corrected, baseline
corrected and referenced to TSP at 0 ppm.
Results: Figure 1 (a) and (b) show the Carr-Purcell Meiboom Gill (CPMG)
spectra of cartilage and synovial ﬂuid drawn from a severe OA patient.
The metabolites in the spectra that may relate to free radical effect on
cartilage are the N-Acetyl (N-Ac) resonance and acetate (A). The N-Ac peak
at 2.04 ppm is known to arise from the glycoproteins. Free radicals cause
a breakdown of the glycosidic linkage, resulting in an enhancement of
the N-Ac resonance in OA cartilage. Acetate is a ﬁnal by-product of the
degradation of N-Acetyl side chains. With increasing HOCl activity in OA
there is an increase in the acetate resonance at 1.92 ppm. The N-Ac and
acetate resonance are sharper in case of synovial ﬂuid.
Conclusions: An enhancement of the N-acetyl resonance in both the
cartilage and synovial ﬂuid spectra could be attributed to degradation in
OA. This degradation may be due ROS activity. The detection of acetate in
OA specimens in both cartilage and synovial ﬂuid specimens is evidence
of HOCL activity in OA. It is also important to note that the detection of
acetate in synovial ﬂuid indicates the fact that there is a movement of
HOCL and products of HOCL degradation from cartilage to the synovial
space. This information is vital in the design of anti-oxidant therapy to
reduce ROS damage and to treat rheumatic disease.
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Purpose: Change in cartilage thickness is assumed to be localized and
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vary between individuals. To remove spatial variation between subjects
from the analysis, order statistics are derived from observed spatial point
changes in cartilage thickness for each subject region. Theoretical and
empirical evidence are examined to assess the sensitivity of the average
of the smallest (or largest) order statistics to detect differences between
Kellgren-Lawrence grades (KLG) in cartilage thickness change.
Methods: Change in cartilage thickness at 1 yr follow-up in 150 subjects
(7 KLG0, 9 KLG1, 47 KLG2, 68 KLG3 and 19 KLG4) from the Osteoarthritis
Initiative was measured at thousands of uniformly spaced points in the
medial and lateral tibial plates. Order statistics of the change values were
generated for each cartilage plate after correcting for segmentation bias
and summaries, Mf(X), were generated by averaging a subset of size f of
the smallest (largest) order statistics within a plate. Mf(X) was used to
test for differences in cartilage thickness change between subjects with
different KLG. Differences in cartilage thinning (thickening) were assessed
by computing Mf(X) for the 100f% smallest (largest) change order statistics.
The size of the subset, f, of order statistics included in Mf(X) was varied to
examine the effect on results. Four hypotheses, KLGn vs. KLG≤1, n = 2, 3,
4, and KLG3 vs. KLG2 were examined for differences in cartilage thinning
or thickening in each cartilage plate. Examination of spatial point change
distributions (CDs) provided theoretical support for conclusions.
Results: Differences between KLGs in cartilage change were not signiﬁcant,
p-value > 0.1, when M1(X) was used in tests, but many tests with Mf(X)
had p-values < 0.01 when f < 1. The most signiﬁcant tests were found for
thinning and thickening in the medial tibia for KLG3/4 vs. KLG≤1 and KLG3
vs. KLG2 (Table 1).
Individual spatial point CDs had roughly the same shape; differences in
CDs were due mainly to differences in plate mean change and standard
deviation (SD) of within plate changes. These results were used to param-
eterize simulations testing for differences between simulated KLG groups.
Simulations with no difference between groups had 5.5% - 7% signiﬁcant
results (α = 0.05) across tests of Mf(X) for given f. Using α = 0.01 to adjust for
series of tests across f in Mf(X) found 3.5% signiﬁcant tests. A simple model
of additive change to underlying no change CD for a proportion of spatial
points mimicked observed CDs. Test results for this simulation indicated
that Mf(X) had the smallest p-value when p matched the proportion of
spatial points with simulated change.
Conclusions: Empirical results indicated Mf(X) was a more sensitive test
when f < 1 rather than f = 1, which is equivalent to average of entire plate,
and the spatial locations used to compute Mf(X) map back to meaningful
anatomical clusters (Fig.1). Theoretical results also show Mf(X) when f < 1
to be more sensitive under most conditions. While further study is needed,
these results provide strong evidence that Mf(X) when f < 1 will be more
sensitive in many situations expected in a clinical trial.
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Introduction: MRI traditionally has been used to quantify articular carti-
lage volume and average thickness in OA subjects. However, population
variability and differences in the location of cartilage defects limit the abil-
ity of these simple cartilage metrics to stage the severity and progression
of OA. A novel approach to evaluate articular cartilage makes use of a
standard reference atlas: OA subjects’ data are compared point by point
to the reference atlas. This advanced image analysis technique potentially
establishes surrogated biomarkers that can be used to detect and follow
OA.
Objective: To use an automated, atlas-based image analysis methodology
to: 1) Provide accurate image quantiﬁcation of cartilage thickness in all
subjects in the atlas space; 2) Compare our quantitative results with KL
scores and plain radiographic evaluation.
Methods: The baseline, 12 month and 24 month DESS sagittal MRI knee
images of 133 subjects from the OAI progression cohort releases: 0.C.2,
1.C2, 3.C.1 were automatically segmented to extract the articular cartilage
using an atlas based segmentation algorithm. The segmentations then
were evaluated for quality; 4 subjects removed due to large segmentations
errors. Using the atlas deformations 3D map, all cartilage thicknesses were
mapped back to the atlas space and were compared point by point to the
atlas cartilage thicknesses. Differences in cartilage thickness between the
atlas and each subject were statistically described by mean, variance and
percentiles of thickness distribution values for cMF, cLF, MT, LT, F, T, medial
WB (MWB), lateral WB (LWB) and the entire tibia femoral joint (TF). A linear
regression model adjusted for subject height was used to compare paired
KL scores, JSN scores and average joint space width to the thickness mea-
surements of the 133 subjects (Radiological data was provided by the OAI).
Results: Table 1 shows the results of the quantitative analysis.
Table 1. The average value, the standard deviation and the average of the values lower
than the 5% percentile were compared to the paired KL scores, the medal JSN OARSI score
and the average medial joint space width (JSW)
*Indicates adjusted correlations coeffcients statistically different from zero (p<0.05).
Conclusions: The atlas based measurements provided at least 8 MRI-Altas-
based metrics that moderately correlated with the radiological severity of
